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IMPLANTABLE OR 2NSBRTABLE MEDICAL DEVICES 
CONTAINING RADIATION-CROSSLINKED POLYMER 
FOR CONTROLLED DELIVERY OF A THERAPEUTIC AGENT 



FIELD OF THE INVENTION 

100011 The present invention relates to implantable ot insertable medical devices for 
controlled delivery of one or more therapeutic agents. 

BACKGROUND OF THE. INVENTION 

[0002] Numerous medical devices have been developed for the deliver}' of 
therapeutic agenrs to the body. 

[00031 In accordance with some delivery strategies, a therapeutic agent is provided 
(a) within, a polymeric earner layer and/or (b) beneath a polymeric barrier layer that is 
associated with an implantable or insertable medical device. Once the medical device is 
placed at the desired location within a patient, the therapeutic agent is released from the 
medical device at a rate that is dependent upon the nature of the polymeric carrier and/or 
barrier layer. 

1,0004] The desired release profile for the therapeutic agent is dependent upon die 
particular treatment at hand, including the specific condition being treated, the specific 
therapeutic agent selected, the specific site of administration, and so forth. As a result, 
there is a continuing need for polymeric layer's, including polymeric barrier layers and 
carrier layers, which are able to provide a range of therapeutic agent release rates. 

SUMMARY OF THE INVENTION 

[0005) The present invention is directed to novel implantable or insertable medical 
devices, which provide controlled release of a therapeutic agent. 
[0006} According to a first aspect of the present invention, the implantable or 
insertable medical device comprises (a) a therapeutic agent and (b) a polymeric release 
region that controls the release of the therapeutic agent upon administration to a patient. 
The polymeric release region comprises a radiation-crosslinked polymer, and the 
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polymeric release region is crossiin < \ idiaiion dose of at least 10,000 pads, more 
typically at least 1 00,000 tads, even more typically 1,000,000 rads. 
[0007] The polymeric release region can be, for example, (a) a carrier region feat 
comprises the therapeutic agent or (b) a barrier region that is disposed over a therapeutic- 
agent-cantahuhg region that comprises the therapeutic agent. 

[00081 Examples of implantable or msertable medical device include catheters, guide 
wires, balloons, filters, stents, stent grafts, vascular grafts, vascular patches, and shunts. 
The implantable or msertable medical device may be adapted for implantation or 
insertion, for example, into the coronary vasculature, peripheral vascular system, 
esophagus, trachea, colon, biliary tract, urinary tract, prostate or brain. 
{0009] The therapeutic agent can be selected from any number of categories, 
including anti-thrombotic agents, anti-proiiferaiive agents, antiinflammatory agents, anti- 
migratory agents, agents affecting extracellular matrix production and organization, 
antineoplastic agents, anti-mitotic agents, anesthetic agents, anti-coagulants, vascular cell 
growth promoters, vascular ceil growth inhibitors, cholesterol-lowering agents, 
vasodilating agents, and agents that interfere with endogenous vasoactive mechanisms. 
{001 0] The polymeric release region can farther comprise one or more additional 
polymers where desired, 

{00,11] In some embodiments, the radlation-crossiinked polymer has a glass 
transition temperature that is less than, or near, ambient temperature, before crosslmktng. 
|0O12] Radiation n inked net ylene-containing polymers are specific radiatton- 
crosslinked polymers that are beneficial for use in connection with the present invention. 
[00.13] The methylene-containing polymer can be cyclic or linear. It can comprises, 
for example, (a) a plurality of (~CH 2 ~)„ backbone groups , where n=4 or greater or (b) a 
plurality of -CH=CH- backbone groups, for instance, where the meihy lene-containing 
polymer is the reaction product of one or more 1,3-dieaes or where- it is the product of an 
olefin metathesis reaction (e.g., the product of an acyclic diene metathesis polymerization 
reaction or a ring opening metathesis polymerization reaction). 
{0014] The methylene-containing polymer can also be the product of a 
copolymerization reaction comprising (a) an acyclic unsaturated hydrocarbon monomer 
(which can be, for example, an alpha olefin) and (b) an additional monomer (which can 
be selected from, far example, acrylic monomers, aminoalkyl methaerylate monomers, 
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vinyl ether monomers, cyclic ether monomers, unsaturated ester monomers, and 
haiogeaated unsaturated hydrocarbon monomers). As a specific example, the acyclic 
unsaturated monomer can be ethylene and the additional monomer can be an alky! 
acrylate. The copolymer can be, for example, a random copolymer, a block copolymer, a 
graft copolymer or an alternating copolymer. 

[001 S] According to another aspect of the invention, a method of releasing a 
therapeutic agent within a patient is provided, which comprises: (a) providing an 
implantable or insertable medical device like those described herein, and (b) implanting 
11 inserting t« i 11 >lani ble nsertable medical device into a patient. For example, the 
medical device may be implanted or inserted into the coronary vasculature, peripheral 
vascular system, esophagus, trachea, colon, biliary tract, urinary tract, prostate or brain of 
the patient. As a more specific example, the medical device may be inserted into the 
vasculature of the patient, for example, to release a therapeu tic agent for the treatment of 
restenosis. 

{8016] According to yet another aspect of the present invention, a method of 
providing an implantable or insertable medical device like those described herein is 
provided, which comprises: (a) applying a coating comprising a meihylene-contaimng 
polymer on a surface of an implantable or insertable medical device; and (b) exposing the 
coating to a radiation dose of at least 10,000 rads, more typically at least 1 00,000 rads, 
even more typif ■ 11 I 000,000 rads. The radiation dose can be provided using a variety 
of radiation types, including gamma ray radiation and. electron beam radiation. In some 
embodiments, the rate of release of the therapeutic agent from the medical device is 
modulated by modifying the orossiinking radiation doss that is applied. 
1001 7] One advantage of the present invention is that implantable or insertable 
medical devices can be provided, which provide for controlled release of a therapeutic 
agent. 

[001 8| Another advantage of the present invention is that such devices can be 
provided using radiation crosshnkbig techniques, which axe clean and inexpensive. 
[00191 Another advantage of the present invention is that the drug release profile 

iated with such devices can be altered by modifying the dosage of the radiation that 
is applied, avoidi ha need to reformulate the chemical composition of the release 
region. 
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{00201 Yet another advantage of the present invention is that, because radiation 
crosslmkmg is used, there Is no need to add chemical erosslraking agents, which can act 
as impurities in the release region that is formed, 

[0«21| These and other embo<hmenis and advantages of the present invention will 
become immediately apparent to those of ordinary skill in the art upon review of the 
Detailed Description and Claims to follow. 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] According to an embodiment of the present invention, an imphmtable or 
insertafcie medical device is provided, which comprise* (a) a therapeutic agent and (b) a 
polymeric release region that controls the release of the therapeutic agent upon 
administration to a patient. The radiation-crosslinked polymeric release region is 
typically crosslinked wife a radiation dose of at least 10,000 rads (0.01 Mrad), more 
typically at least 100,000 rads (0.1 Mrad), and more typically at least 1 ,000,000 rads 
(lMrad). The radiation-crosslinked polymeric release region is formed from any 
radiation sensitive polyrner feat can give rise to reactive species, which in turn produce 
crosshnking reactions, when exposed to ionising radiation (such polymers are referred to 
herein as "mdiation-crcsshukable polymers"). For example, the radiation-crosslinked 
polymeric release region may be formed from a methylene-containing polymer, (i) which 
can have an elogatioti at break of at least 25% at ambient temperature, (ii) which can be 
crystalline or amorphous or both, at ambient temperature, before crosslmking, and (in) 
which can have a glass transition temperature less than or near ambient temperature. 
[0023] By "release region" is meant a region that regulates the rate of release of a 
therapeutic agent. Release regions are commonly either carrier regions or barrier regions. 
A "carder region*' is region which contains at least one therapeutic agent and from which 
the therapeutic agent is released, A "barrier region" is a region which is disposed 
between a source of therapeutic agent and a site of intended release and which controls 
the rate at which the therapeutic agent is released. 

[0024] The polymeric release region can be present in the medical device in a 
number of configurations. For example, the polymeric release region can constitute fee 
entirety of the : et see, or it can constitute only a portion of the medical device. 
The portion of the medical device can be, for example, (a) one or more medical device 
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layers (e.g., one or more coating layers), (b) one or medical device components or 
portions thereof, and so forth. 

$025) For example, in some embodiments of the present invention, an outer carrier 
layer is disposed over at least a portion of an implantable or msertabie medical device. 
Upon implantation or insertion of the device into a patient, the therapeutic agent is 
released from the carrier layer in a controlled fashion. In other embodiments, a 
therapeutic mt-ci itainin layer and a barrier layer are disposed over at least a portion 
of an implantable or insertable medical device. The barrier layer is disposed over the 
therapeutic-agent-containing layer. As a result, the barrier layer acts to control release of 
the therapeutic agent from the medical device upon implantation or insertion of the same. 
[6026] Preferred implantable or insertable medical devices for use in conjunction 
with the present invention include catheters ( for example, renal or vascular catheters such 
as balloon, catheters), guide wires, balloons, filters (&g. t vena cava filters), stents 
(including coronary vascul i >iliary, tracheal, 

gastrointestinal and esophageal stents), stent grafts, cerebral aneurysm filler coils 
(including Guglilmi detachable coils and metal coils), vascular grafts, myocardial plugs, 
patches, pacemakers and pacemaker leads, heart valves, biopsy devices, or any coated 
substrate (which can comprise, for example, glass., metal, polymer, ceramic and 
combinations thereof) that is implanted or inserted into the body, either for procedural use 
or as an implant, and .from which therapeutic agent, is released. 
[0027] The medical devices contemplated for use in connection with the present 
invention include drag delivery medical devices that are used for ei ther systemic 
■ ■ roent or for the localized treatment of any mammalian tissue or organ. Non-limiting 
examples are tumors; organs including but not limited to the heart, coronary and 
peripheral-., i ; I em (referred to overall as "tb su . gs, trachea, 
esophagus, brain, liver, kidney, bladder, urethra and ureters, eye, intestines, stomach, 
pancreas, ovary, and prostate; skeletal muscle; smooth muscle; breast; cartilage; and 
bone. 

[0028] One particularly preferred medical device for use in connection with the 
present invention is a vascular stent, which delivers therapeutic agent into the vasculature 
for the treatment of restenosis. As used herein, "treatment" refers to the prevention of a 
disease or condition, the reduction or eihnination of symptoms associated with a disease 
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or condition, or the substantial or complete elimination a disease or condition. Preferred 
subjects (i.e., patients) are mammalian subjects and more preferably human subjects. 
[0029] The radiation-cros f wymer within th polyn lease; giono 
the medical devices of the present invention beneficially has an elongation at break of at 
least 25% at ambient temperature, "Elongation" is an increase in length of a test 
specimen under tension, stated herein as a percentage of the original length. The 
"elongation at break" is the amount of elongation that is observed at the point where- the 
- pe - nen breaks or otherwise fails under tension. Ambient temperature is typically 25%'- 
4S 0 C, more i c t awe {e.g , ?5 C 'C-40°C). 

[0030] The radiation-crosslmkable polymer may have a glass transition temperature 
near or less than ambient temperature, before crosslinking, more typically less than 30°C, 
20°C, 0 C C, -20°C, -40°C or even less than -60»C 

10031} Beneficial polymers for use in connection with the present invention are 
meihylene-contaimng polymers. A "niethylene-contaimng polymer" is a polymer that 
contains a plurality of (-CH 3 -)n groups along a chain within the polymer, where a is an 
integer of one or greater. Typically, the methylene-containing polymers used in 
connection with the present invention will be formed from 10 or more monomers, more 
typically 50, 100, 500 or even more monomers. 

[0032] The methylene-containing polymers used in connection with the present 
invention may be provided in a variety of configurations, including cyclic, linear and 
branched configurations. Branched configurations include star-shaped configurations 
(e.g., configurations in which three or more chains emanate from a single branchpoint), 
comb configurations (e.g., graft polymers having a main chain and a plurality of 
branching side chains), and dendritic configurations (including arborescent or 
hyperbranehed polymers). They can be formed from a single monomer (i.e., they can be 
horaopolymers), or they can be formed from multiple monomers (i.e., they can be 
copolymers), which can be distributed, for example, randomly, in an orderly fashion (e.g., 
in an alien i m ), or in blocks. 

[0033] Typically, fee metbyiene-containing polymers are formed using one or more 
unsaturated hydrocarbon monomers, such as linear, branched and cyclic alkenes. 
Examples include ethylene and other alpha-olefrns (e.g., C3-C20 alpha-olefms, which can 
be branched or unbranched, such as proper, 1-butene, 1-pentene, 4-mefeyl pentene, 1- 
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hexene, 1-h.eptene, 1-octene and 1-octadeceae), diolefins (e.g., trans-butadiene, cis- 
isoprene and frans-isoprene), and cycKc olefins (e.g., CrC* cycloolefins such as 
cyclobutei - cyclohexene, eyelooetene. etc.). 

[0034] A number of chemical syndesis techniques are known for polymerization of 
unsaturated hydrocarbon monomers, including free-radical polymerization, cationie 
polymerization, anionic polymerization, Ziegler-Hatta polymerization, meialtoceae 
polymerization, nitroxide-mediated polymerization (NMP), atom transfer radical 
polymerization (ATRP), reversible addition-fragmentation chain transfer (RAFT) 
polymerization, and olefin metathesis polymerization. 

[00353 In many embodiments the methylene- containing polymer will include groups 
in addition to the plurality of (-CH 2 ~) n groups. 

{0036] In some embodiments, for example, die methylene-containmg polymer 
includes a plurality of -CH=€H- groups in addition to the plurality of (-CBk-J, groups, 
f 0037J -CH«CH- groups can be introduced using a number of methods. As one 
example, a copolymer can be formed that contains an acyclic unsaturated hydrocarbon 
monomer (e.g., ethylene or an alpha olefin) and a monomer with a -C C- group (e.g., 
acetylene), 

10038] As another specific example, 1,3-dienes (e.g., butadiene or isoprene) can be 
polymerized using known techniques, for example, Ziegler-Natta polymerization to yield 



around -63°C, traus-isoprene has a T g of around -66°C, and cis-butadiene has a T g of 
around -58 Q C. Trans -butadiene has a T g of around 102°C and is therefore less desirable 
for Ms reason. These polymers are examples of methyiene-containmg polymers havhig a 
plurality of (~CH r ) R groups, where n is 2, and a plurality of >C=€< groups as well. 
[0039 J Another specific example is metathesis polymerization of an acyclic diene, 
for example, a l-(n-l) Cn-dieae, such as l-4pentadiene, 1-5 hexadiene, 1-7 octadiene, 
and so forth, For example the metathesis polymerization of 1 -5 hexadiene yields; 



unsaturated polymers, for example, polyisoprene, 




, and 




, where n is an integer. Cis-lsoprene has a T g of 
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n . This polymer is an example of a methylene* 



containing pollers having a plurality of (-CH r ) a groups, where n is 2, and a plurality 
of >C-C< groups as well. 

[0040] Yet another specific example, is ring opening metathesis polymerization of a 
cyclic olefin (e.g., C 4 -C? e cycloolefins such as cyclobutene, cyclopentene, eyclohexene, 
eyclooetene, etc.). One commercially available ring opening metathesis polymerisation 
product is sold under the name Vestenamer® by Degassa Corp., Parsippany, Ml. 



Vestenamer® Is a mixture of cyclic and linear polyoctenamers, which can be represented 



examples ofmethyleae-contaimng polymers having a plurality of (-CHr)r» groups, where 
n is 6, and a. plurality of >OC< gi'oups as well During production, cyclooctsns is 
polymerized in a metathesis reaction to produce a mixture of the cyclic and linear forms 
of the poiyoctenamer illustrated. The cis/tvans ratio, which determines the crystallinity of 
the final product, is controlled by the polymerization conditions. Two specific 
commercially available products are Vestenamer® Grade 8012, which has a crystallinity 
at 23°C of 0' mi 'lung point of 54°C and a glass transition temperature of ~65°C and 
Vestenamer® Grade 6213, which has a crystaliimry at 23°C of 1 0%, a melting point of 
<36°C and a glass transition temperature of -?5°C. 

|0041] In other embodiments, groups in addition to the plurality of (-CHr)« groups, 
are introduced into the methylene-containing polymer by polymerization in the presence 
of a monomer that is not an unsaturated hydrocarbon monomer. For example, a 
copolymer can be formed by polymerizing an unsaturated hydrocarbon monomer along 
with one or more of the following monomers: (a) acrylic monomers such as alkyl 
acrylates (e.g., methyl acrylate, ethyl acrylate, propyl acrylate, isopropyl acrylate, butyl 
acrylate, see~butyl acrylate, tert-butyl acrylate, isobutyl acrylate, hexyl acryiate, 
cyclohexyl acrylate, 2-ethyihexyl acrylate, dodecyl acrylate, and hexadecyl acrylate), 
halo-alkyl acrylates (e.g., 2,2,2-trifluoroethyl acrylate), cyano-alkyl acrylates (e.g., 2- 
cyanoethyi acrylate), and aikoxyalkyl acrylates (e.g., 2-metho> el ' f ac rylate and 2- 
eraoxyethyi acrylate), (b) methaerylates sac^ as aininoalltyl rnethacrylates (e.g.. 



by the following: 




n . These polymers are 
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diefiiylaraiaoettiyi methacrylate and 2-tert-butyl-aminoefeyI metfaacrylate), (c) vkyi 
ethers such as alkyi vinyl ethers (e.g., methyl vinyl ether, ethyl vinyl ether, propyl vinyl 
ether, butyl vinyl ether, isobutyl vinyl ether, 2-ethylhexyl viayl ether and dodecyl vinyl 
ether), (d) cyclic ethers such as tetrahydroruram trimethylene oxide, ethylene oxide, 
propylene oxide, methyl glycidyl ether, butyl glycidyl ether, ally! glycidyl ether, 
epibromohydrm, epichlorohydriii. l^-epoxyb«tane, 1,2-epoxyoctane and 1,2- 
epoxydeeane, (e) additional esters such as ethylene adipate, tetrame&yieae adipaie, 
ethylene malonate, vinyl acetate, vinyl propionate and vinyl trifluoroacetate, (f) 
halogenated unsaturated hydrocarbons, such as vinyl fluoride, vinyHdene chloride, 
vinylidene fluoride, cis-chlorobutadiene, trans-cMorobutadiene, and (g) other monomers 
including s-caproiactone, i~vinyl-2-pyiTolidone and methyl styrene. The copolymer can 
be a random, alternating or block copolymer, typically a random or alternating 
copolymer. 

[0042] Some specific examples of copolymers include random copolymers of: (a) 
ethylene and butyl acrylate, available commercially from Aidrich, (b) ethylene and 
methyl acrylate, available commercially from Aidrich, and (c) ethylene, methyl acrylate 
and acrylic acid available commercially from Aidrich. 
[0043] Without wishing to be bound by theory, it is believed that a primary 
mechanism by which the methylene-containing polymers are crosslinked proceeds from 
the CH bond scission that occurs as a result of the high-energy radiati on. This results in 
the formation of free radicals, which can combine with one another. Where the free 
radicals are on the same pob r» t olecuie, an intermolecuiar crosslink will be formed, 
mere the free radicals are on different polymer molecules, an mtramolecular crosslink 
will be fanned. Where the polymer includes carbon-carbon double bonds, similar 
reactions arise from free radicals that are formed from the scission one of these bonds. 
|0044] So long as it is of sufficiently high energy, essentially any type of radiation can be 
used to crosslink the ramation-crosslinkable polymers within the release regions of the 
present invention. Preferred sources of high-energy radiation include gamma rays, X 
rays, and electron beams. 

[0045] To achieve fee desired degree of tnrosslmkrag, the radiation dosages used in 
connection with the present invention are typically at least 0.01 Mrad, more typically at 
least 0. 1 Mrad and more typically at least 0 25 Mrad. Specific examples include ranges 
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of 0.25 Mrad to 50 Mrad, 0.5 Mrad to 30 Mrad, 1 Mrad to 25 Mrad, and 10 Mrad to 20 
Mrad. 

C0046] As previously noted, radiation crosslmking is clean and inexpensive. Moreover, 
the crosslink density, and hence the release characteristics of the medical device, can be 
changed by merely modifying the dose of the radiation that is applied. As a result, the 
release characteristics can be modified without an attendant change in composition, 
which is commonly required. 

[0G47J In addition, crosslmkiag is achieved without the need for crosslinldng agents, 
which can represent a potential source of impurity in the crosslinked product. 
Nonetheless, if desired, reactive gases, liquids or solids can be provided within the device 
during irradiation to initiate other chemical reactions that could affect the elation rate of 
the therapeutic agent or to create a unique chemical surface on the coating (e.g., a 
lubricious coating, an anti-thrombogenic coating, etc.) 

[0048] The crosshnking radiation dosages used in connection with the present invention 
can also be sufficiently high to sterilize the medical device in some embodiments. This is 
advantageous for therapeutic agents that are not compatible wife ethylene oxide or other 
modes of sterilization, which involve the application of heat, moisture and' or reactive 
chemicals. 

{Q049j Prior to crosslinldng, the device or device portion to winch the release region 
nds i amp] u device component, or an entire device) can 

be formed using a number of brown techniques. 

[00501 ^or example, where the components of the polymeric release region have 
thermoplastic characteristics, a variety of standard thermoplastic processing techniques 
can be used to form the polymeric release region, mcluding compression molding, 
injection molding, blow molding, spinning, vacuum forming and calendaring, as well as 
extrusion into sheets, fibers, rods, tubes and other cross-sectional profiles of various 
lengths. One example of a polymer with thermoplastic characteristics is Vestenamer® 
Grade 8012, which has a melting point of about 54°C, 

[0051 } As one specific example, an entire stent structure can be extruded using the above 
techniques, As another example, a coating can be provided by extruding a coating layer 
onto a pre-existing stent As yet another example, a coating can be co-extroded along 
with an underlying stent structure, 

to 
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[00523 If the therapeutic agent is also stable under processing conditions, then it caa be 
combined with the polymer prior to thermoplastic processing to produce a therapeutic- 
agent-eont aining carrier region. If not, then a therapeutie-agent-contdmng carrier region 
can be formed by post-proe* - on of tl lerapeutic agent as discussed below. 

|0053] In other embodiments, the polymeric release region is formed using solvent- 
based techniques in which the components of the polymeric release region are first 
dissolved k a solvent system that contains one or more solvent species, and the resulting 
mixture is subsequently used to form the polymeric release region, 
[0©54J The solvent system that is selected is preferably a good solvent for the 
components) of the polymeric release region and, where included, for the therapeutic 
agent as well The particular solvent system may also be selected based on other 
characteristics including drying rate arid surface tension. 

£0O55| Preferred solvent-based techniques include, but are not limited to, solvent 
casting techniques, spin coating techniques, web coating techniques, solvent spraying 
techniques, dipping teckuques, techniques involving coating via mechanical suspension 
such as air suspension, ink jet techniques, electrostatic techniques, and combinations of 
these processes, 

1O056J Where solvent-based processing is employed, the mixture containing the 
solvents) and the co ponenf (s) of the polyi ri< v<> region (e.g., a rnemylene- 
containing polymer such as Vestenamer®) is preferably applied to a substrate to form the 
release region, 

[0057] hi some embodiments, the substrate is all or a portion of an implantable or 
insertab n dica den ice to which the release layer is applied. In other embodiments, the 
substrate is a template from which the polymeric release region is removed after solvent 
elimination. Such template-based techniques are particularly appropriate for forming 
simple objects such as sheets, tubes, cylinders and so forth, which can be easily removed 
from a template substrate. In other techniques, for example, fiber forming techniques, 
the polymeric release region is formed without the aid of a substrate or template. 
[0058| Where appropriate, techniques such as those listed above can be repeated or 
combined to build up a release region to a desired thickness. The thickness of the release 
region can be varied in other ways as well. For example, in solvent spraying, thickness 
can be increased by modification of coatin" process parameters, including increasing 
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spray flow rate, slowing fee movement between the substrate to be coated and fee spray 
nozzle, providing repeated passes and so forth, 

[0059] Where a carrier region is formed (as opposed to, for example, a barrier 
region), a therapeutic agent can be included in the polymer mixture and hence co- 
established with the carrier region. In other embodiments, the therapeutic agent is 
introduced into a previously formed release region. For example, the therapeutic agent 
can be dissolved within a solvent, and fee resulting solution contacted wife the previously 
formed release region using, for example, one or more of the application techniques 
described above (e,g„ dipping, spraying, etc.). 

[0060] As previously noted, barrier layers can be formed over- a therapeutic-agent- 
containing region, in some embodiments, the therapeutie-agent-containing region will 
comprise one or more polymers, which can be selected, for example, from the polymers 
described elsewhere in this application.. In these instances, the therapeutic-agent- 
containing region can be established, for example, using the solvent-based techniques 
(e.g., dipping, spraying, etc.) that are discussed above. In other embodiments, fee 
therapeutic-agent-contaming region beneath the barrier layer is established without an 
associated polymer. In this case, fee therapeutic agent can simply be dissolved or 
dispersed in a solvent or liquid, and fee resulting solution/dispersion can be applied to a 
substrate again using, for example, one or more of fee application techniques described 
above (e.g., dipping, spraying, etc.). 

[0061] Where a release region is formed using a solvent based technique, it is preferably 
dried after application to remove fee solvents. Where fee release region is a release layer 
coated on an underlying medical device, fee release layer typically further conforms to 
fee underlying medical device during the drying process. 

[00621 hi forming fee polymeric release regions of fee present invention, one or 
more radiation erosslinked polymers can be provided, as desired, in addition to the 
radiation-crosslinked polymer (e.g., methyiene-contaimng polymer), polymers can be 
added, for example, to influence the strength or diffusion properties of the release layer. 
[0063] The polymers may be, for example, homopolymers or copolymers, 
crosslinked or uncrosslroked, linear or branched, natural or synthetic, thermoplastic or 
thermosetting. Polymers include the following: polycarboxylic acid polymers and 
copolymers including poiyacryiic acids; ac»*u" polymers and copolymers; acrylate and 
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methaerylale polymers and copolymers (e.g., n-butyl meihaerylate); cellulosic polymers 
and copolymers, including cellulose acetates, cellulose nitrates, cellulose propionates, 
cellulose acetate butyraies, cellophanes, rayons, rayon triacetates, and cellulose ethers 
such as carboxymethyl celluloses and hydoxyalkyl celluloses; polyoxymethylene 
polymers and copolymers; polyimide polymers and copolymers such as polyether block 
iniidss, polyamidimides, polyesteriroides, and polyeiherimides; polysulfone polymers and 
copolymers including polyaiylsulfones and polyethersnlfones; polyamide polymers and 
copolymers including nylon 6,6, polycaprolactams and polyaeryiamides; resins including 
alkyd resins, phenolic resins, urea resins, melamine resins, epoxy resins, ally! resins and 
epoxide resins; polycarbonates; polyacrylonitriies; potyvmyipyirolidoaes (cross-linked 
and otherwise); polymers and copolymers of vinyl monomers including polyvinyl 
alcohols, polyvinyl halides such as polyvinyl chlorides, ethylene-vinylacetate copolymers 
(EVA), polyvmyHdene chlorides, polyvinyl ethers such as polyvinyl methyl ethers, 
polystyrenes, styrene-maleic anhydride copolymers, styrene-butadiens copolymers, 
styrene-ethyiene-butylene copolymers (e.g., a poiystjTene-polyethylene/butylene- 
polystyrene (SEBS) copolymer, available as Kraton® G series polymers), acrylonitrile- 
styrene copolymers, acrylonitrile-butadiene-styrene copolymers, styrene-butadiene 
copolymers and styrene-isobntylene copolymers (e.g., polyisobutyiene-polystyrene block 
copolymers such as SIBS), polyvinyl ketones, poiyvmylcarbazoles, and polyvinyl esters 
such as polyvinyl acetates; polybeiizknidazoles; ionomers; polyalkyl oxide polymers and 
copolymers including polyethylene oxides (PEO); glycosaminogiycans; polyesters 
including polyethylene tcrephthalates and aliphatic polyesters such as polymers and 
copolymers of lactide (which includes lactic acid as well as d-,i- and meso kcti.de), 
epsiion-caprolactone, glycolide (including giycolic acid), hydroxybutyrate, 
hydroxyvalerate, para-dioxanone, trimethykne carbonate (and its alkyi derivatives), 1,4- 
dioxepan-2-one, ! s S~dioxepan~2-one, and ^S-dimethyl-l^-dioxan^-one (a copolymer of 
polylactic acid and polycaprolactone is one specific example); polyether polymers and 
copolymers including polyarylethers such as poiyphenylene ethers, polyether ketones, 
polyether ether ketones; poiyphenylene sulfides; polyisocyamates; polyolefin polymers 
and copolymers, including polyalkyjenes such as polypropylenes, polyethyienes (low and 
high density, low and high molecular weight), polybutylenes (such as polybut-l-ene and 
polyisobutylene), poly-4-methyl-pen-} -ene« ethyiene-ahpha-oiefln copolymers, ethylene- 
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methyl methacrylate copolymers and ethylene- vinyl acetate copolymers; fluorinated 
polymers and copolymers, incliidingpolytetrafluoioethyleiies (PTFE), 
polyff tfluo e 1 le-co-hexaf moropropeue) (FT ) mod led 1 )< t - 
tetrafluoroetbylene copolymers (FIFE), and polyvinylidene fluorides (PVDF); silicone 
polymers and copolymers; polyiL^thanes* p-xylylene polymers; poftirainocarbonates; 
copoly(e{her-esters )such as polyethylene oxide-polyiactic acid copolymers; 
polyphosphazmes; polyafkyiene oxalates; pol>-oxaamides and polyoxaesters (including 
those containing amines and/or amido groups); polvormoesters; biopolymers, such, as 
polypeptides, proteins, polysaccharides and fatty acids (and esters thereof), including 

)rin,fib lagei > lasfm, cbitosan, gelatin, starch, glyeosaminoglycans such as 

hyaluronic acid; as well as combinations and copolymers of the above, 
{00641 "Therapeutic agents", ' ! pharmaceuticaily active agents", "pharmaceutieally active 
materials", ''drugs" and other related terms may be used interchangeably herein and 
include genetic therapeutic agents, non-genetic therapeutic agents and cells. Therapeutic 
agents may be used singly or in combination. Therapeutic agents may be, for example, 
Ronionic or they may be anionic and/or cationic in nature. 

P065J Exemplar}'' non-genetic therapeutic agents for use in connection with the 
present invention include: (a) antithrombotic agents such as heparin, heparin derivatives, 
urokinase, and PPack (dextrophenylalanine proline arginme chloromethylketone); (h) 
anti-inflammatory agents such as dexamethasone, prednisolone, cortieoslerone, 
budesonide, estrogen, sulfasalazine and mesalamine; (c) 

antineoplastic/antiproiiferative/antj-miotic agents such as paclitaxei, 5-fluorouraciI, 
cisplatm, vinblastine, vincristine, epothilones, em 1< « latin, angiopeptm, 

monoclonal antibodies capable of blocking smooth muscle cell proliferation, and 
thymidine kinase inhibitors; (d) anesthetic agents such as lidocake, bnpivacaine and 
ropivacaine; (e) anti-coagulants such as 0-Phe -Pro-Arg chlotomethyl ketone, an ROD 
peptide-containmg compound, heparin, hirudin, antithrombin compounds, platelet 
receptor antagonists, anti-thrombin antibodies, anti-platelet receptor antibodies, aspirin, 
prostaglandin inhibitors, platelet inhibitors and tick antiplatelet peptides; (f) vascular cell 
growth promoters such as growth factors, transcriptional activators, and translational 
promotors; (g) vascular cell growth inhibitors such as growth factor inhibitors, growth 
factor receptor antagonists, transcriptional pressors, translational repressors, replication 
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inhibitors, inhibitory antibodies, antibodies directed against growth, factors, bifunetional 
molecules consisting of a growth fac tor and a cytotoxic bi&nctionai molecules 
consisting of an antibody and a cytotoxin; (h) protein kinase and tyrosine kinase 
inhibitors (e.g., tyrphostins, genisteia, quinoxalines); (1) prostacyclin analogs; Q) 

steroHoweriag agents; (fc) angiopoiedns; (1) antimici • s such as triclosan, 
cephalosporins, at i s cytostatic 

agents and cell proliferation affsctcsrs; (n) vasodilating agents; and (o)agents that 
interfere with endogenous vasoactive mechanisms. 

[0066] Exemplary genetic therapeutic agents for use in connection with the present 
invention include anti-sense DKA and RNA as well as DNA coding for: (a) anti-sense 
UNA, (b) tRNA or rRNA to replace defective or deficient endogenous molecules, (c) 
angiogenic factors including growth factors such as acidic and basic fibroblast growth 
factors, vascular endothelial growth factor, epidermal growth factor, transforming growth 
factor a and |3, platelet-derived endothelial growth factor, platelet -derived growth factor, 
tumor necrosis factor a, hepatocyte growth factor and insulin-like growth factor, (d) ceil 
cycle inhibitors including CD inhibitors, and (e) thymidine kinase ("TIC") and other 
agents useful for interfering with cell proliferation. Also of interest is DKA encoding for 
the family of bone morphogenic proteins ("BMP's"), including BMP-2, BMP-3, BMP-4, 
BMP-5, BMP-6 (Vgr-1), BMP-7 (OP-1), BMP-S, BMP-9, BMP-tO, BMP- 1 1, BMP- 12, 
BMP-13, BMP-14, BMP-15, andBMP-16. Currently preferred BMP's are any ofBMP- 
2, BMP-3, BMP-4, BMP-5, BMP-6 and BMP-7. These dirneric proteins can be provided 
as horaodimers, heterodirners, or combinations thereof alone or together with other 
molecules. Alternatively, or in addition, molecules capable of inducing an upstream or 
do wnstream effect of a BMP can be provided. Such molecules include any of the 
"hedgehog" proteins, or the DNA's encoding them. 

£00673 Vectors for delivery of genetic therapeutic agents include (a) plasmids, (fa) 
viral vectors such as adenovirus, adenoassociated virus and lentivirus, and (c) non-viral 
vectors such as lipids, liposomes and cattonic lipids. 

10068] Cells for use in connection with the present invention include cells of human 
origin (autologous or allogeneic), including stem cells, or from an animal source 
(xenogeneic), which can be genetically engineered, if desired, to deliver proteins of 
interest. 
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|0069] Numerous the i tly exclusive of those listed above, 

have been identified as candidates for vascular treatment regimens, for example, as agents 
targeting restenosis. Such agents are useful for the practice of the present invention and 
include one or more of the following: (a) Ca-channel blockers including 
benzothiazapiues such as diltiazem and clentiazem, dihydropyridines such as nifedipine, 
amlodipine and nicardipine, and phenyialkylamines such as verapamil, (b) serotonin 
pathway modulators including; 5-HT antagonists such as ketanserm and naMdrothryl, as 
well as 5-HT uptake inhibitors such as fluoxetine, (c) cyclic nucleotide pathway agents 
including phosphodiesterase inhibitors such as cilostazole and dipyridamole, 
adenylate'Guanylate cyclase stimulants such as forskohn, as well as adenosine analogs, 
(d) catecholamine modulators including a-antagonisis such as prazosin and bunazxjsins, 
{5-antagonists such as propranolol and a/p-antagonists such ; ; lab< 1 ii< I and carvedilol, (e) 
endotheKn receptor antagonists, (f) nitric oxide donors/releasing molecules including 
organic nitrates/nitrites such as nitroglycerin, isosorfaide dinitrate and amyl nitrite, 
inorganic nitroso compounds such as sodium mtroprusside, sydnonimines such as 
molsidomine and Imsidoraine, nonoates such as diazenium dioiates and NO adducts of 
alkauediamines, S-nitroso compounds including low molecular weight compounds (e.g., 
S-nitroso derivatives of captopril, glutathione and N- acetyl penicillamine) and high 
molecular weight compounds (e.g., S-nitroso derivatives of proteins, peptides, 
oligosaccharides, polysaccharides, synthetic polymers/oligomers and natural 
polymers/oligomers), as well as C-nitroso-compounds, O-nitroso-compounds, N-oitroso- 
eompouiids and L-arginine, (g) ACE inhibitors such as eila • . topril and enalapril, 

(h) ATH-receptor antagonists such as saralashi and jfosartia, (i) platelet adhesion 
inhibitors such as albumin and polyethylene oxide, (j) platelet aggregation inhibitors 
including aspirin and I ►yridh ' ipidine, clopidogrel) and GP Hb/Ifla mbibitors 
such as ant ■< i i iali.de and tirofiban, (k) coagulation pathway modulators 
including heparhioids such as heparin, low molecular weight heparin, dextran sulfate and 
fi~eyclodexitin tetradeeasulfeie, thrombin inhibitors such as hirudin, Mrulog, PPACKfD- 
phe-L-propyl-L-arg-chloromethylketone) and argatroban, FXa inhibitors such as 

c i anticoagulant peptide). Vitamin K inhibitors such as warfarin, as 
well as activated protein C, (1) cyclooxygenase pathway inMbitors such as aspirin, 
Ibuprofen, flurbiprofen, mdomethacia and ^'lflnpyrazone, (m) natural and synthetic 
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corticosteroids such as dexamethasone, prednisolone, meftprednisolone and 
hydrocortisone, (n) lipoxygenase pathway Mtibitors soch as nordihydroguairetie acid and 
cafleic acid, (o) leukotriene receptor antagonists, (p) antagonists of E~ and P-selectins, fq) 
Inhibitors of VCAM-1 and ICAM-1 interactions, (r) prostaglandins and analogs thereof 
including prostaglandins such as PGE1 and PG12 and prostacyclin analogs such as 
ciprostene, epoprostenol, carbacyclin, iioprost and beraprost, (s) macrophage activation 
preventers including bisphosphonaies, <f) HMG-CoA reductase inhibitors such as 
lovastatin, pravastatin, fluvastatin, simvastatin and cerivastatin, (u) fish oils and oniega-3- 

i col, vita rains C and E, 

ebseien, trans-retinoic acid and SOD mimics, (w) agents affecting various growth factors 
including FGF pathway agents such as bFGF antibodies and chimeric fusion proteins, 
PDGF receptor antagonists such as trapidil, IGF pathway agents including somatostatin 
analogs such as angiopeptin and ocreotide, TGF-p pathway agents such as polyanionic 
agents (heparin, mcoidin), decorin, and TGF-p antibodies, EOF pathway agents such as 
EGF antibodies, receptor antagonists and chimeric fusion proteins, TNF-cx pathway 
agents such as thalidomide and analogs thereof, Thromboxane A2 (TXA2) pathway 
modulators such as sulotroban, vapiprost, dazoxiben and ridogref as well as protein 
tyrosine kinase inhibitors such as tyrphostin, genistem and qumoxaiine derivatives, (x) 
MMP pathway inhibitors such as marimastat, ilomastat and metastai, (y) cell motility 
inhibitors such as cytochaiasb B, (z) antiproliferative/antineoplastic agents including 
antimetabolites such as purine analogs (e.g„ 6-mereaptopurine or eladribine, which is a 
chlorinated purine nucleoside analog), pyriraidine analogs (e.g., eytarabine and 5- 
fluorouracil) and methotrexate, nitrogen mustards, alkyi sulfonates, ethylenhnhies, 
antibiotics (e.g., daunorabicin, doxorubicin), nitrosoureas, cispiatin, agents affecting 
microtubule dynamics (e.g., vinblastine, vincristine, colchicine, paeHtaxel and 
epothilone), caspase activators, proteasome inhibitors, angiogenesis inhibitors (e.g., 
endostatin, angiostatin find squatamine), rapamycin, cerivastatin, flavopiriclol and 
suramin, (aa) matrix, deposition/organizaiion pathway inhibitors such as halofuginone or 
other quinazolinone derivatives and tranilast. (bb) endotheliahzation facilitators such as 
VEGF and RGD peptide, and (cc) blood rheology modulators such as pentoxifylline. 
[0070] Numerous additional therapeutic agents useful for the practice of the present 
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invention are also disclosed in U.S. Patent No. 5,733,925 assigned to NeoRx Corporation, 
the entire disclosure of which is incorporated by reference. 

{0071] A. wide range of therapeutic agent loadings can be used in connection with the 
medical devices of foe present invention, with the amount of loading being readily 
determined by those of ordm£ 1 t i i - f i imately dq ! ^ for example, 
upon the condition to be treated, the nature of the therapeutic, agent itself, ihe means by 
which foe 1 ' igent is administered to the intended subject, and so tbrth, 

|0072] Medical devices having a sustained release profile are beneficial in many 
cases. By "sustained release profile" is meant a release profile in which less than 25% of 
the total release from the medical device that occurs over the course of 
implantation/insertion in the body occurs within ihe first 1 . 2, 3 or even more days of 
administration. Conversely, this means that more than 75% of the total release from the 
medical device will occur after the device has been implanted/inserted for the same 
period, 

|0073| The release characteristics associated with the release layers of the present 
invention can be modified in a number of ways, including foe following: (a) varying the 
type, molecular weight and/or relative amount of the radiation-crosslinked polymer, (b) 
providing one or more polymers within the release layer hi addition to the radiation- 
cross] inked polymer, (c) varying foe porosity of the release region, and (d) where solvent- 
based techniques are used to form the release region, varying the type and relative 
amounts of solvents used in processing foe polymeric release region. The release of 
therapeutic agent can also be controlled, for example, by varying the release region 
thickness. Moreover, multiple release regions can be employed to achieve this end. In 
addition, where a carrier region is employed, a therapeutic-agent concentration gradient 
canbeestab I 1 . in the carrier region to control release of therapeutic agent, 
[0074] However, foe release characteristics of the release layers are typically 
modified by varying foe dosage of the radiation that is used (and hence the degree of 
crosslinking that is obtained), feus avoiding the need to reformulate the chemical 
composition of fee release region. 

[0075} The i » Eurfoei described with reference to the following non-limiting 

Examples, 
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EXAMPLE 1 

[0076] A solution is provided that contains (a) 25 wt% tetrahydrofurari (THF), (b) 74 
wt% toluene, (c) 0.25 wt% paclitaxel and (d) 0.75 wt% Vestenamer® 6213 or 
Vestenamenf) 8012, which are mixtures of linear and cyclic polyoctenamers by Degussa 
Corp., Parsippany. 3\ 5 J, All solutions are prepared by 0) mixing the paclitaxel and 
tetrahydroluran. (2) adding the polymer, (3) adding the toluene, (4) thoroughly mixing 
(e.g., overnight), and (5) filtering. 

100771 The solution is then placed in a syringe pump and fed to a spray nozzle. A stent 
is mounted onto a holding device parallel to the nozzle and rotated to ensure uniform 
coverage. Depending on the spray equipment used, either the stent or spray nozzle can 
be moved while spraying, such that the nozzle moves along the component while 
spraying for one or more passes. After a carrier coating is formed in this fashion, fee 
stent is dried, tor example, by placing it in a preheated oven. 
[0078] 32 stents are formed in this manner for each of the Vestenamer® 6213 and 
Vestenamer® 8012 coatings, Of these, 8 stents act as a control, 8 are subjected to 5 Mrad 
crosslinking radiation, 8 are subjected to 10 Mrad crosslinking radiation, and 8 axe 
subjected to 15 Mrad crosslinking radiation. Microscopic evaluation indicated that 
costing quality was good for all radiation doses. 

EXAMPLE 2 

10079] A solution is provided that contains (a) 25 wt% tetraliydrofuran (THE), (b) 74 
wt% toluene, (c) 0.25 wt% paclitaxel and (d) 0.75 wt% po!y(ethyiene-co-biityl acrylaie) 
copolymer available horn Aldrich, Solutions are prepared by (1) mixing the copolymer 
with fee toluene and heating to 70°C for about an hour, (2) adding fee THF, (3) adding 
the paclitaxel, (4) thoroughly mixing (e.g., overnight), and (5) filtering. 
[0080] The solution is then placed in a syringe pump and fed to a spray nozzle, A stent 
is mounted onto a holding device parallel to the nosszle and rotated to ensure uniform 
coverage. Depending on the spray equipment used, either the stent or spray nozzle can 
be moved while spraying, such that the nozzle moves along the stent while spraying for 
one or more passes. After a carrier coating is formed in this fashion, the stent is dried, for 
example, by placing it in a preheated oven. 

[0081] 32 stents are formed in this maimer Of these, 8 stents act as a control, 8 are 
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subjected to 2.5 Mrad crossliukmgra<fiauon } 8 are subjected to 5 Mrad crosslmkmg 
radiation, and S are subjected to 10 Mrad crossHnking radiation. Microscopic evaluation 
indicated that coating quality was good for all t adiatioa doses. 

100823 Although various embodiments are specifically illustrated and described 
herein, it will be appreciated that modifications and variations of the present invention are 
covered by the above teachings and are within the purview of the appended claims 
without departing from the spirit and intended scope of the invention. 
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IN THE CLAMS: 

I- An implantable or insertable medical device comprising (a) a therapeutic agent and 
(b) a polymedc release region that controls the release of said fherapeotic agent upon 
administration to a patient, wherein said polymeric release region comprises a 
radiation-crosslinked polymer and wherein said polymeric release region is 
crosslinked wi ih a radi ation dose of at least 1 0,000 rads. 

2. The implantable or insertable medical device of claim 1, wherein said radiation- 
crosslmked polymer is a radiation-crosslinked methylene-coutainmg polymer. 

3. The implantable or iasettabk medical, device of claim 2, b b •-..polymeric 
release region is crosslinked with a radiation dose of at least 100,000 rads. 

4. The implantable or msertable medical device of claim 2, wherein said polymeric 
release region is crosslinked with a radiation dose of at least 1,000,000 rads. 

5. The implantable or insertable medical device of claim 2, wherein said polymeric 
release region is a carrier region that comprises said therapeutic agent. 

6. The implantable or insertable medical device of claim 2. wherein said polymeric 
release region is a barrier region disposed over a therapeutic-agent-containing region 
thai comprises said therapeutic agent, 

7. The implantable or insertable medical device of claim 2, wherein said polymeric 
release region is in the form of a coating layer. 

8. The implantable or insertable medical device of claim 2, wherein - lid i nn lantable or 
insertable medical device is selected from, a catheter, a guide wire, a balloon, a filter, a 
stent, a stent graft, a vascular graft, a vascular patch, and a shunt. 
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9. The implantable or insertable medical device of claim 2, wherein said implantable or 
intertable medical device is lapted fi imp! citation or insertion into the coionary 
vasculature, peripheral vascular system, esophagus, trachea, colon, biliary tract, 
urinary tract, prostate or brain. 

10. The implantable or insertable medical device of claim 2, wherein said therapeutic 
agent is selected from one or more of the group consisting of an antithrombotic 
agent, an anti-pmliferative agent, an anii-inflammatory agent, an anti-migratory agent, 
an agent affecting extracellular matrix production and organization, an antineoplastic 
agent, an anti-mitotic agent, an anesthetic agent, an anti-eoagulant, a vascular cell 
growth promoter, a vascular cell growth inhibitor, a cholesterol-lowering agent, a 
vasodilating agent, and an agent that interferes with endogenous vasoactive 
mechanisms. 

11. The implantable or insertable medical device of claim 2, wherein said polymeric 
release region has an elongation at break of at least 25% at ambient temperature. 

12 . The implantable or insertable medical device of claim 2, wherein said methylene- 
contabsing polymer has a glass transition temperature that is less than ambient 
temperature, before crosslinking. 

13. The implantable or insertable medical device of claim 2, wherein said .methylene- 
containing polymer comprises a plurality of (-CH r ) :; backbone groups , where vf4 or 
greater. 

14. The implantable or insertable medical device of claim 2, wherein said polymeric 
release region comprises a cyclic metitylens-containmg polymer. 

15. The implantable or insertable medical device of claim 2, wherein said methylene- 
containing polymer further comprises a plurality of -CH=€H- backbone groups, 
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1 6. The implantable or unsellable medical device of claim 15, wherein said methylene- 
containing polymer is the action product of one or more 1,3-dienes. 

1 7. The implantable or insertable medical device of claim 15, wherein said methylene- 
containing polymer is the product of an olefin metathesis reaction. 

18. The implantable or insertable medical device of claim 17, wherein said methylene- 
containing polymer is the product of an acyclic diene metathesis po lyme rizat < 
reaction or a ring opening metathesis polymerization reaction. 

19. The implantable or insertable medical device of claim 2, wherein said methylene- 
containing polymer is the product of a copotymerization reaction comprising (a) an 
acyclic unsaturated hydrocarbon monomer, and (b) an additional monomer. 

20. The implantable or insertable medical device of claim 1 9, wherein said additional 
monomer is selected from acrylic monomers, aminoalkyl methaerylate monomers, 
vinyl ether monomers, cyclic ether monomers, unsaturated ester monomers, and 
halogenated unsaturated hydrocarbon monomers. 

21. The implantable or insertable medical device of claim 19, wherein said acyclic 
unsaturated monomer is an alpha olefin. 

22. The implantable or insertable medical device of claim 19, wherein said copolymer is 
selected from a random copolymer, a block copolymer, a graft copolymer and an 
alternating copolymer. 

23. The implantable or insertable medical device of claim 19, wherein said acyiic 
unsaturated monomer is ethylene and wherein said additional monomer is an alky! 
acrylate. 

24. The implantable or insertable medical device of claim 2, wherein said polymeric 
release region further comprises an add^onal polymer, 
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25, A method of forming the implantable or rasertable medical device of claim 2, 
comprising: (a) applying a coating comprising said methylene-eontaining polymer on 
a surface of an implantable or insertable medical device; and (b) exposing said 
coating to a radi ation dose of at least 10,000 tads. 

26. The method of claim 25, wherein said radiation dose of at least 100,000 rads, 
21. The method of claim 25, wherein said radiation dose of at least 1,000.000 rads. 

28. The method of claim 25, wherein said radiation dose is provided by gamma ray or 
electron beam radiation, 

29. The method of claim 25, wherein the rate of release of the therapeutic agent from the 
medical device is modulated by modifying the crosslinking radiation dose. 

30. The method of claim 25, wherein said coating is applied over- a therapeutie-agent- 
containing region that comprises said therapeutic agent. 

3 i , A me thod of releasing a therapeutic agent within a patient comprising (a) providing 
the implantable or insertable medical device of claim 2 and (fa) implanting or inserting 
the implantable or insertable medical device into a patient. 

32. The method of claim 31, wherein said medical device is selected from a catheter, a 
guide wire, a balloon, a filter, a stent, a stent graft, a vascular graft, a vascular patch, 
and a shunt 

33. The method of claim 32, wherein said medical device is inserted into the vasculature. 

34. The method of claim 33, wherein said therapeutic agent is released in the treatment of 
restenosis. 
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35. The method of claim 31, wherein the rate of release of the therapeutic agent from the 
medical device upon implantation or insertion of She device into a patient corresponds 
to a sustained release profile. 
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